consistently shown age-related deficits in inhibition (Biss, Campbell, & Hasher, 2013; Bojko, Kramer, & Peterson, 2004; Butler & Zacks, 2006; Gazzaley, Cooney, Rissman, & D'Esposito, 2005; Hamm & Hasher, 1992; Hasher et al., 1999; Hasher, Lustig, & Zacks, 2007; Nieuwenhuis, Ridderinkhof, de Jong, Kok, & van der Molen, 2000; Rowe, Valderrama, Hasher, & Lenartowicz, 2006; Yang & Hasher, 2007) .
In literature, one commonly used inhibition measure is the Stroop task. In a typical Stroop task, participants are instructed to name the ink color in which a color word is printed (e.g., RED printed in blue ink, respond blue). There are three types of Stroop stimuli: congruent (e.g., "GREEN" in green ink, respond green), incongruent (e.g., "GREEN" in blue ink, respond blue), and neutral (e.g., "XXXXX" in green ink, respond green; Wilkinson & Yang, 2012 -adapted from Stroop [1935 ). On incongruent trials, there is a conflict between the color word and ink color of the stimulus; therefore, participants must suppress the automatic word reading response in order to correctly identify the ink color of the stimulus. Encouragingly, some previous work has demonstrated plasticity, defined as training-induced improvement (Baltes & Lindenberger, 1988) , of inhibition among older adults using the Stroop task within a single session or across two sessions (e.g., Davidson, Zacks, & Williams, 2003; Dulaney & Rogers, 1994) . Going beyond the literature, Wilkinson and Yang (2012) demonstrated sizable plasticity of inhibition, after controlling for item-specific effects, across six training sessions among older adults. This study serves as a follow up to Wilkinson and Yang (2012) , aiming to assess the long-term maintenance of the inhibition training effects across 1-and 3-year periods.
In the original work by Wilkinson and Yang (2012) , 42 healthy older adults (aged 60-84), evenly divided into three feedback groups, completed a 2-week training program on the Stroop task. Each week involved three training sessions. At each session, participants completed four blocks of Stroop task trials (i.e., key-color acquisition, practice, training, and standard). The purpose of the keycolor acquisition block was to familiarize participants with the mapping scheme between the response keys and colors. During this block, participants received accuracy feedback after each trial. The purpose of practice Block 2 was to familiarize participants with the trial procedure of the upcoming training Block 3. In this way, only those participants in the individualized and adaptive feedback group received the corresponding feedback, whereas other participants did not receive any feedback at all. The training Block 3 followed the same procedure as practice Block 2 except that participants received the full manipulation of feedback, such that some participants did not receive any feedback (i.e., no-feedback control), some others received summary feedback on the average reaction time (RT) and accuracy at the end of the block, and the remaining received individualized and adaptive feedback based on their performance on previous trials at the end of each trial (for additional details, see Wilkinson & Yang, 2012) . Finally, the standard Block 4 followed the same trial procedure, but without any feedback in order to provide a fair comparison across the feedback groups in the analysis of training benefits. The results demonstrated improvements in inhibition, as indexed by reduced Stroop interference scores (i.e., difference scores calculated between incongruent and neutral trials), across the six training sessions. Interestingly, this effect was equivalent across all three feedback groups, suggesting that the type and amount of externally generated feedback did not modulate the magnitude of training-induced improvements in inhibition.
As a long-term maintenance follow-up, this study tested returning participants from the original study by Wilkinson and Yang (2012) at 1 and 3 years following the original training. In an effort to control for general slowing with aging in the Stroop interference effect, we followed the approach used in some recent meta-analyses (Schwartz & Verhaeghen, 2008; Verhaeghen, 2011) and calculated a Stroop ratio interference score by dividing the RT of incongruent trials by that of the neutral trials (incongruent RT/neutral RT). The ratio score indexes the cost of responding to the executive control (incongruent) condition as a proportion of baseline speed in color naming (neutral condition). This score controls for agerelated changes in general processing speed (Schwartz & Verhaeghen, 2008; Verhaeghen, 2011) , and thus provides a more accurate measure of inhibitory efficiency relative to a simple difference score (incongruent RT -neutral RT). In this study, we first used the ratio score to re-examine the original training effects in Wilkinson and Yang (2012) , then we used it to evaluate maintenance of the training gains over 1-and 3-year periods. This allowed us to assess training-induced performance changes that were specific to interference, while taking fluctuations in response speed across sessions into consideration. In light of previous long-term maintenance training studies that cover comparable duration periods (e.g., 18 months in Dahlin et al., 2008; and 3.5 years in Stigsdotter Neely & Bäckman, 1993) , we expect that the original training gain will be maintained at both follow-up sessions, where performance will continue to exceed baseline performance level.
Method

Participants
The original training sample in Wilkinson and Yang (2012) consisted of 42 older adults (28 women, age range = 60-84 years; mean [M] = 70.98, standard deviation [SD] = 6.42) recruited from the internal Ryerson Senior Participant Pool. Given the lack of feedback effects in the original training study, as well as the small sample size per feedback group at each follow-up session, the data presented were collapsed across feedback conditions.
The 1-year follow-up sample.-Thirty-three of the 42 participants from the original sample returned for the 1-year follow-up session (21 women, age range = 60-84 years, M = 71.12, SD = 6.52). Table 1 displays details of the demographic information and baseline cognitive performance collected at the pretest session of the original training study. The detailed analysis and results on the attrition effects are presented in the Results section.
The 3-year follow-up sample.-One participant was accidentally tested 2 years after the original training. This individual was excluded from the final analyses reported below. Twenty-six of the 33 participants who were tested at the 1-year follow-up session returned for the 3-year follow-up session (16 women, age range = 60-80 years, M = 69.81, SD = 5.91). The attrition effects were analyzed in the same way as for the 1-year follow-up sample (see the Results section for details).
At the 3-year follow-up session, color blindness was assessed using the Dvorine Pseudo-Isochromatic Plates (Dvorine 1953) . One participant was suspected for possible color blindness, as indicated by difficulty in answering five items on the Dvorine Pseudo-Isochromatic Plates test. This individual, however, showed a similar and acceptable average accuracy score (90.3%) on the Stroop task, compared with all other participants (98.5%) at the 3-year follow-up session. Therefore, this participant was included in the final analyses.
Materials and Procedure
At each follow-up session, a similar trial procedure as the one implemented in Wilkinson and Yang (2012) was adopted; however, participants were not trained (i.e., they did not receive any feedback on performance in any of the blocks). In particular, participants completed four blocks of the Stroop task: key-color acquisition (Block 1: 40 trials); practice (Block 2: 24 trials); training (Block 3: 216 trials); and standard (Block 4: 144 trials). Blocks 1 and 2 followed the same trial procedure, except that accuracy feedback was provided in Block 1, but not in Block 2. The training Block 3 and standard Block 4 were named as such for consistency with the terminology used in the original study by Wilkinson and Yang (2012) . Critically, and different from the original study in which feedback was manipulated during the training Block 3, no feedback was provided for any of the participants in this block at the two follow-up sessions. As a result, Blocks 3 and 4 followed the same trial procedure, both without feedback, at the two follow-up sessions.
In the original study, there were two counterbalance conditions in which the set of colors used for the Stroop task varied across sessions. This was done to minimize item-specific effects (for additional details, see Wilkinson & Yang, 2012) . At both follow-up sessions, participants completed Mean scores with standard deviations presented in parentheses for each cell (except for gender). Education was indexed by the average number of years of formal education; health was indexed by a self-report score out of 10; visual acuity was indexed by the near visual acuity score from the Rosenbaum Visual Acuity Pocket Screener (score 20/-); digit symbol, letter series, and Shipley were scored by the average number of correct solutions; average scores were displayed for BAI and short blessed test; Go-No Go was scored by the average number of false alarms; ANT (alerting, orienting, and executive control) and the task-switching task were scored by a difference reaction time score in milliseconds. -= not applicable; d = Cohen's d effect size calculation for between subjects. p Values are from independent t tests comparing "Returned" to "Not returned" at each follow-up session. a Denotes the use of chi-square statistics. *p < .05. a single session of the Stroop task that was identical to the one administered at Session 1 of the original training study, except for the absence of the feedback manipulation at the two follow-up sessions. The specific follow-up version of the Stroop task involved one of the following two sets of colors: blue, orange, green, and pink (Set A), or pink, yellow, blue, and green (Set B). To minimize any item-specific effects, participants were assigned to the opposite color set at the 1-year follow-up session and the same color set at the 3-year follow-up session as the one designated at the original training Session 1. For example, if a participant completed color Set A (blue, orange, green, and pink) at the original training Session 1, they would be assigned to color Set B (pink, yellow, blue, and green) at the 1-year follow-up session and color Set A (blue, orange, green, and pink) at the 3-year follow-up session.
The 1-and 3-year follow-up sessions were completed approximately 1 and 3 years after the original final training Session 6, with an average delay of 12.12 and 36.08 months, respectively. A 2-month time window was allowed for each follow-up session to accommodate any scheduling conflicts. All participants were compensated $10 for each hour of participation and debriefed at the end of each follow-up session.
Results
All statistical analyses were conducted using SPSS 20.
Attrition Effects
To determine the selective attrition effects, we compared participants who returned for the follow-up sessions and those who opted not to return on baseline cognitive measures and demographic variables using independent t tests (see Table 1 ). The following outcome variables were involved in these analyses: age, gender, years of education, self-reported health rating, visual acuity (as measured with the Rosenbaum Pocket Vision Screener; Rosenbaum, 1976) , cognitive impairment (as assessed with the Short Blessed Test; Katzman et al., 1983) (Kumada et al., 2005) .
For both the 1-and 3-year follow-up samples, there were minimal attrition effects, because the sample of participants who returned for the follow-up sessions (n = 33 at 1 year and n = 26 at 3 years) and those who opted not to return (n = 9 at 1 year and n = 15 at 3 years) did not differ in performance on most baseline cognitive measures or demographic variable data. The only significant difference was found in the 3-year follow-up sample. In particular, those who returned for the 3-year follow-up session scored significantly higher (suggesting better performance) on the orienting scale of the ANT (Fan et al., 2002) relative to those who opted not to return (see Table 1 for p value). Importantly, the ANT orienting score did not correlate with any Stroop ratio interference scores from any of the training sessions or the two follow-up sessions in the 3-year followup sample (Pearson's r correlations ranged from −.232 to .292, ps > .14). This suggests that the orienting component of attention was not likely contributing to performance on the Stoop task. This baseline cognitive variable was thus not considered further in the final analyses.
Training Gains and Maintenance
The Stroop ratio interference score was calculated using the RT data from the standard block (Block 4, consistent with Wilkinson & Yang, 2012) at each session. Only RTs for correct responses were included. Following the same procedure as in Wilkinson and Yang (2012) , RTs were trimmed such that any RT beyond 2.5 SDs from the mean for each trial type, at each follow-up session, and for each participant was excluded from the final analyses. As a result, 2.34% of the RTs were deleted. The original training gains and longterm maintenance of Stroop inhibition training benefits were examined using a Stroop RT ratio interference score (i.e., incongruent RT/neutral RT). Table 2 displays the raw RTs for each trial type separately for each follow-up sample across )/2). This is a conservative approach for calculating effect size for within-group variables, because the high correlation between repeated-measures is not used to reduce the error term (Dunlap, Cortina, Vaslow, & Burke, 1996) .
Original training gain.-In order to re-examine the original training effects for both follow-up samples, Stroop RT ratio interference scores were submitted to a six-way (session) repeated-measures analysis of variance (ANOVA) separately for the 1-year follow-up sample (n = 33) and the 3-year follow-up sample (n = 26). We were specifically interested in the linear (suggesting incremental learning) and quadratic contrasts (suggesting saturation of learning) of the session effect for both groups. Critically, the linear, but not quadratic, session effect was significant for both the 1-year follow-up sample (n = 33), F(1, 32) = 6.02, p = .020, η 2 = .16, and the 3-year follow-up sample (n = 26), F(1, 25) = 5.06, p = .034, η 2 = .17 (see Figure 1 ). This confirms that both follow-up samples showed significant original training benefits.
Visual inspection of the original training performance of the two follow-up samples (Figure 1 ) indicated that peak performance occurred at Session 5 (not the final Session 6). Additional analyses showed similar performance across the first 3 sessions (Week 1), by revealing no session effect for either the 1-or 3-year follow-up samples (ps > .19). Furthermore, the last three sessions (Week 2) showed consistently better performance than the average performance of Week 1 (ps = .001 for both samples). Therefore, to simplify the results and best capture the reliable training and maintenance effects, we calculated average performance across original training sessions 1-3 (Week 1) to index baseline performance and sessions 4-6 (Week 2) to index the final level of performance following original training.
Long-term maintenance.-Given the sample size difference between the two follow-up sessions, the longterm maintenance of the training benefits were analyzed separately for the 1-and 3-year follow-up occasions.
Specifically, the long-term maintenance of Stroop inhibition training was evaluated by comparing performance at the two follow-up sessions to the final performance at Week 2 of the original training. No significant difference supports the presence of maintenance. In addition, we compared performance at the two follow-up sessions to baseline performance at Week 1 to assess whether performance at the two follow-up sessions was still above baseline level.
The 1-year follow-up.-To evaluate the maintenance of the training benefits 1 year following the original training, the Stroop RT ratio interference scores for the 1-year followup sample (n = 33) were submitted to a repeated-measures ANOVA involving three sessions (Week 1, Week 2, and 1-year follow-up). The analysis revealed a significant session effect, F(2, 64) = 5.41, p = .007, η 2 = .15 (see Figure 2) . Planned paired t tests were conducted to compare performance at the 1-year follow-up with the final (Week 2) and baseline performance (Week 1) of original training. The 1-year follow-up performance (M = 1.14, SD = 0.09) did not significantly differ from Week 2 (M = 1.15, SD = 0.09), p = .97, d = 0.11. This supports the maintenance of the original training gains over a 1-year period. Furthermore, performance at the 1-year followup session was significantly better (i.e., smaller Stroop ratio interference) than Week 1 (M = 1.19, SD = 0.07), p = .012, d = 0.62, suggesting that inhibitory ability did not return back to baseline level 1 year after the original training.
The 3-year follow-up.-For the 3-year follow-up sample (n = 26), the Stroop RT ratio interference scores were submitted to a repeated-measures ANOVA involving four sessions (Week 1, Week 2, 1-year follow-up, and 3-year follow-up). The session effect was marginally significant, F(3, 75) = 2.57, p = .060, η 2 = .093 (see Figure 2 ). Planned t tests were conducted to compare performance at the two follow-up sessions (1 and 3 years) with the final (Week 2) and baseline performance (Week 1) of the original training. We also compared the ratio interference scores at the two follow-up sessions. Performance at both follow-up sessions (1 year: M = 1.13, SD = 0.08; 3 years: M = 1.14, SD = 0.10) did not significantly differ from Week 2 (M = 1.13, SD = 0.09), ps > .78 (ds ≤ 0.11). This replicates the finding of maintained training gains at the 1-year follow-up and further extends the maintenance to 3 years. In addition, performance at the two followup sessions was significantly better than baseline (Week 1; M = 1.18, SD = 0.09). This was evident at both the 1-year (p = .043, d = 0.59) and 3-year follow-up sessions (p = .047, d = 0.42). Finally, the comparison between the two follow-up sessions revealed equivalent performance, p = .90 (d = 0.11).
Discussion
Long-term maintenance of training benefits in inhibition was assessed in healthy older adults at 1-and 3-year follow-up time points after a 2-week (3 sessions per week) Stroop training program. The current data support the maintenance of training gains at both follow-up sessions. In other words, the reduction in Stroop ratio interference (indexing better inhibition) achieved during the second week of a 2-week Stroop training program was well maintained at both the 1-and 3-year follow-up sessions. Furthermore, it was found that performance at the two follow-up sessions did not differ from each other, and both were better than baseline. Taken together, these results suggest that the original training-induced performance gains in inhibition are durable and can be maintained for 1 year and even 3 years in older adults. In addition, performance at the two follow-up sessions is maintained at a level beyond baseline performance.
The current results demonstrate that older adults are able to maintain small-to-medium inhibition training gains (ds = 0.42-0.62) over 1-and 3-year periods (using Cohen's index of effect size; Cohen, 1988 Cohen, , 1992 . In line with previous research (e.g., Dahlin et al., 2008; Stigsdotter Neely & Bäckman, 1993) , the current findings support the durability of training gains across a comparable follow-up period. In the existing body of literature, the durability of executive function training gains has been demonstrated for a shorter period of time-ranging from 3 months (e.g., Li et al., 2008) up to 18 months (e.g., Dahlin et al., 2008) . This study adds to the literature by extending the maintenance of executive function training (using a Stroop task training program) to 3 years. Going beyond previous findings, the results of this study indicate that performance is well maintained and still above baseline level even over a period of 3 years following the original training. Our results, however, do not support the conclusions drawn by Kelly and colleagues (2014) based on a review of the cognitive training literature, which suggest that booster sessions (as well as adaptive training) may be required to show durability of training effects. In contrast, the current findings demonstrate effective maintenance even in the absence of booster sessions or an original adaptive training program. Future research would benefit from empirically testing these hypotheses.
Although this follow-up study makes substantial contributions to the literature, three limitations should be noted.
First, due to the small sample size, it is possible that significant attrition effects may have gone undetected. However, it has been demonstrated in a recent study (Salthouse, 2014) that selection attrition does not necessarily predict differential magnitude of longitudinal change. Based on this finding, despite the possibility of insufficient power to detect selective attrition effects on certain variables in this study, we argue that the magnitude of long-term maintenance of the training effect on Stroop task performance is unlikely to change even if there had been no attrition (i.e., assuming all participants returned for both follow-up sessions). Second, the sample size at the 3-year follow-up session-in particular-was small (n = 26); however, we were restricted to the number of participants who were willing to return for testing. Nevertheless, the sample size of the 3-year follow-up group still reflects a return rate of 61.9% from the original training group (n = 42). This retention rate is comparable with that of a follow-up study of similar duration (i.e., 3.5 years; Stigsdotter Neely & Bäckman, 1993) . The third limitation is with respect to the generalizability of results. The study sample consisted of a group of healthy, well-educated, and high functioning older adults, which may not be representative of the typical older adult population. Given this, generalizability of the current findings may be limited.
Regardless of these limitations, this study makes novel contributions to the literature by demonstrating that healthy older adults are able to maintain inhibition training gains for up to 3 years following the original training. Benefits in inhibitory processing, such as withholding an automatic but inappropriate response, can help to improve the daily lives of older adults. For example, if a doctor suddenly advises an individual to stop taking a certain medication that was previously taken regularly (e.g., every morning), efficient inhibition could help to minimize accidental ingestion, which may impact overall health and well-being.
In conclusion, the current follow-up study adds to the literature by demonstrating long-term maintenance of training effects in inhibition above baseline levels 1 and 3 years following original training. Remarkably, this effect was shown using a single session of the Stroop task at each follow-up and without any booster sessions before the follow-up testing. 
